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CALIFORNIA GREEN LACEWING FLY 


By V. L. WitperMutH, 
Entomological Assistant, Cereal and Forage Insect Investigations, Bureau of Entomology 


INTRODUCTION 


The green lacewing fly (Chrysopa calijornica Coquillett) (fig. 1) has 
been observed by the writer on many occasions during the past five 
years in connection with outbreaks of aphids in southern Arizona and 
California, and at various times the extreme usefulness of the species in 
controlling these outbreaks has been noted. An opportunity for making 





Fic. 1.—The California green lacewing fly (Chrysopa californica): Adult. 


a complete study of the species came to hand during the past year 
(1915), and this paper is prepared for the purpose of recording the facts 
as observed and interpreted during this study. 


HISTORICAL REVIEW 


This lacewing fly has been known since 1890, when it was collected in 
California and described by Coquillett (3)! in the Report of the State 
Board of Horticulture of that State. The next reference (1, p. 156) to 
it is in Banks’s Revision of the Nearctic Chrysopidae. In this paper, 
published in 1903, Mr. Banks redescribed the species and stated that 
“it is the most abundant species on the Pacific coast.” 

It was not, however, until the year 1912 that the real usefulness and 
economic value of this species was brought forth. In this year 





1 Reference is made by number to “ Literature cited,” p. 524. 
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Quayle (7) listed it as an enemy of the Citrus red spider (Tetranychus 
mytilaspidis Riley) and remarked that “this is the commonest of the 
predatory insects occurring on citrus trees.’ Two years later the 
species was mentioned as an enemy of the Citrus red spider by Ewing (6). 
Essig (4), in 1911, described it briefly and included a few remarks on its 
habits and hosts. In 1913 (5), in his “California Insects,” he credited 
this species of Chrysopa with feeding upon 14 different species of insects. 

In August (2), 1915, and again in October (2), Mr. E. J. Branigan, 
a deputy of the California Horticultural Commission, referred to the 
economic importance of this species. In the first citation he reported 
the insect as feeding upon the ‘‘elm-leaf cluster louse.’ He stated: 
“Large numbers of the egg clusters of Chrysopa californica were present, 
the larvee upon hatching, burrowing into the leaf clusters and feeding 
upon the lice.”” In October he reported this lacewing larva as attacking 
a citrus mealy bug (Pseudococcus sp.), and states further: “The green 
lacewing was found to be heavily parasitized by several species of 


parasites.” 
DISTRIBUTION OF THE FLY 


From our present knowledge of the species it is distinctly-of western 
distribution, occurring throughout the Pacific Coast States, Texas, 
Arizona, New Mexico, Nevada, Lower California, and doubtless Utah. 
As early as 1903, Banks (1) stated: 

I have seen specimens from many places; Los Angeles, Tehama, Wanona[Wawona?], 
San Bernardino, Palo Alto, San Mateo County, Santa Clara County and Siskiou 
[Siskiyou ?]County, mostly in July and August, butsome in April; alsofrom Hood River, 
Oregon, September; Pullman, Wash., July and August; and King’s Canon, Ormsby 
County, Nevada, July. 

Mr. C. N. Ainslie, of the Bureau of Entomology, has taken a specimen 
of Chrysopa sp. at Salt Lake City, Utah, which is without much doubt 
this species. The writer has taken or seen specimens in southern Cali- 
fornia, Lower California, Mexico, Arizona, New Mexico, and in many 
different localities in these States at elevations varying from sea level 


to 7,c00 feet 
HOST INSECTS 


While the larve of this lacewing fly, as well as Chrysopidae in general, 
feed primarily upon aphids, their good work is far from being restricted 
to this group of insects. Mites, leafhoppers, thrips, and doubtless many 
other insects sufficiently small to be easily captured and devoured are 
likewise eaten. 

Essig (5) has shown the following 14 species of insects to be attacked 
by Chrysopa californica: 


Clover mite (Bryobia pratensis Garman). 
Two-spotted mite (Tetranychus mytilaspidis Riley). 
Red spider (7. zelarius Linnaeus). 

Apple leafhopper (Empoasca mali Le Baron). 
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Grape leafhopper (Typhlocyba comes Say). 

The pear Psylla (Psylla pyricola Foerster). 

Mealy plum plant louse (Hyalopterus arundinis Fabricius), 
Melon aphis (A phis gossypii Glover). 

Black peach aphis (A phis persice-niger Erwin Smith). 
Green Citrus plant louse (Macrosiphum citrifolii Ashmead). 
Citrus mealy bug (Pseudococcus citri Risso). 

Frosted scale (Eulecanium pruinosum Coquillett). 

Red scale (Chrysomphalus aurantii Maskell). 

Purple scale (Lepidosaphes beckii Newman). 


Mr. E. G. Smyth, working at Tempe, Ariz., found Jarve of C. cali- 
jornica feeding also on the wheat thrips (Euthrips tritict Fitch), which 
they apparently preferred to the pea aphis (Macrosiphum pist Kalten- 
bach). Mr. R. N. Wilson, also at the Tempe laboratory, observed 
larve of C. californica feeding upon the barley mite (Notophallus viridis 
Banks) and on the “‘ green bug” (Toxoptera graminum Rondani), while the 
writer reared the species exclusively on the corn leaf aphis (A phis maidis 
Fitch), it being a very important check upon this pest. 


LIFE HISTORY AND HABITS OF THE LACEWING FLY 
THE ADULT 


As Hefore stated, this species of Chrysopa was first described by 
Coquillett (3) in 1890, and later (in 1903) redescribed by Banks (1). The 
original description of the adult by Coquillett is as foliows: 

Pale green, a yellowish white dorsal stripe extends from front of thorax to tip of 
abdomen; front of head whitish; an irregular wine-red stripe extends from each eye 
to the mouth, and on its hind border, next the eye, is a black streak; front corners of 
thorax marked with black. Antenne pale yellowish, minutely ringed with white. 
Wings greenish hyaline, obtusely pointed at their tips; veins and veinlets wholly 
green; seven or eight of the veinlets along the hind edge of front wings before the 
tips are forked; stigma somewhat opaque, yellowish green; legs green, tarsi whitish, 
the tips brown. Eyes greenish golden, becoming glaucous brown after death. In 
dried specimens the green coloring becomes more yellowish and the tarsi assumes a 
slightly darker color than the tibiae. Length 9 to 10 mm. (about 34 of an inch); 
expands from 24 to 28 mm. (about one inch or slightly over). 


The adults are delicate green, flitting creatures which dart up from 
the shady protecting vegetation as one walks along a fence row or through 
an alfalfa field. The males are slightly smaller than the females and 
appear more vivid in color. During the breeding season both are short- 
lived. Neither sex has ever been noted by the writer to feed in the 
adult stage, even when food was offered, and doubtless all of the lace- 
wing flies take little or no food in this period of their existence. 

Copulation takes place almost immediately after the adults have 
issued and become dry, and in all cases under observation the male was 
dead on the following day. Oviposition usually begins the day follow- 
ing copulation and may continue for a period of three or four days, or 
the full complement of eggs may be deposited in a single day. Four 
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females under observation (see Table I) laid an average of 3034 eggs 
each, the record being 34, 25, 38, and 26 eggs, respectively. 
after performing what is apparently their sole purpose in life, die within 
24. to 36 hours after oviposition is completed. The adults are especially 
numerous in southern Arizona during February, March, April, and May, 
and again during October and November. 


THE EGG 


The females, 


The egg (fig. 2) is placed on a long stalk or pedicel, which is hair-like 
The egg itself is oblong and very 
small; at first it is whitish, but in a day or two it darkens and thereafter 
until it hatches the segmentation of the developing larva is revealed 


and about half an inch in lengt 


h. 


o~ 


through the eggshell. 





Fic. 2.—Cirysopa 
californica: Eggs. 


It has a button or lid at the upper 


end, which is slightly flattened, while the lower end tapers 
until itis barely larger than the stalk to which it is attached. 
The original description by Coquillett (3) is as follows: 


Very pale blue, clongate-ovate, pointed at the base, the apex flat- 


tened and in its center is a white button-shaped object; surface 
minutely granulated; length, three and one-half hundredths of an inch; mounted on 
a bristle-like pedicle from thirteen to eighteen hundredths of an inch long.| 


The egg stage (see Table I) was found to vary, being from 6 to 12 days 
in duration under the temperatures at which the experiment was) carried 





























on. The average time required for the 122 eggs under observation was 
8 days. 
TABLE I.—The egg stage of Chrysopa californica at Tempe, Ariz., in 1915 
| Eggs. H 
| Length! Average 
Female No. Cage No. | | | | of Prossescs 
| Date | Num- | Date Num- | stage. 1 a 
laid. | ber. | hatched. ber. ata 
| 
ie ei | r Days. ad! 
cs 78. | Feb. rr] oz] Feb. 23) 1 12 53 
Raz eee al ms | Gee cee I I 53 
iT 79. ‘| Feb. 12 7 Beh, aa | 6 ns 33 
Ryan Fhe RN aa ere 1 hee hes ig | fii 28Oi..<| 26 II 53 
|| T 80. we ab. 13 | ee a0 
| re) | Feb. 13 15 Feb, 25 5 i 33 
NT St | Feb. 14] Tells Ste scree I II 53 
. HE AESO new a | Oct: 29} a} Oct. 26 19 7 66. 5 
RAR ES SNS ETO... «5. 05) Cb, 23° 6 | Oct. 20 | 6 7 67 
T 1185 Heed seh SFO fGen s| Oo 7 7 
T 1186 A ek. gh ag 1s | 13 6 68 
—aistaielanale diataldiy T 1107......) Oct. ag] @ | Oct. 21| 4 6 69 
T 1189 ..| Oct. 16 1 | Oct. 23 | I 7 70 
T 1190 A Oe ere 15 | Oct. 22 | 14 6 7 
, iacses adi ch tacal T 1196 Pr fs, lie II | Oct. 23} 11 6 70. § 
| | 
| | 
Totaloraverage |... .660600:s | Bennet’ | oc nee rc | 122 BiNeviesnees 
| | 
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THE LARVA 


The larva when first hatched (fig. 3) is a delicate, white, nearly colorless 
object, quite conspicuously hairy and with mandibles which are large in 
comparison to the size of the body, these being about one-fourth its 
entire length. Coquillett’s (3) description follows: 

Mixed with a yellowish white and pinkish brown, the latter co.or forming a dorsal 
line and a series of lateral spots; along each side of the body is a row of yellowish 
white tubercles; head yellowish white, marked with two diverging black stripes on 
the top, and with a dusky streak each side, having in its middle a black dot; length, 
7mm. (A little over one-fourth of an inch.) 


LARVAL HABITS 


The hatching process requires but a few minutes, but the larva rests 
on the empty eggshell for some time after emergence. When the eggshell 
becomes dry and hardened, the larva hastily crawls down the supporting 
egg stalk and eagerly begins searching for food. If 
small aphids or thrips nymphs are present, it quickly 
seizes one of these and begins feeding. If only full- 
grown and large aphids are present, it is more cau- 
tious, running in a circle around the tempting and 
monstrous meal or following the aphid, ever and anon 
stopping as if to consider whether or not it could 
safely attack a creature so many times larger than itself. Finally, 
however, its increasing hunger apparently overcomes all fear and it 
pounces on its prey. The aphid is lifted bodily off its feet, the 
lacewing larva all the time crushing, piercing, and sucking its prey. 
The larve of all lacewing flies extract their food from the host by 
piercing it with their long, powerful mandibles, which are hollow, the 
internal fluids of the host being rapidly absorbed through them. With 
abundant food present the larva grows rapidly and quickly takes on a 
robust appearance. 





Fic. 3.—Chrysopa cali- 
fornica: First instar. 


LARVAL DEVELOPMENT 


The larve in the course of their development molt twice, which divides 
the larval period into three instars, with a total length of from 11 to 22 
days, depending upon the prevailing temperature, the average length 
being about 16 days. (See Table II.) During this period from 74 to 
160 full-grown aphids were eaten by each larva, the number consumed 
depending upon the temperature, the larve being more active and 
voracious during warmer weather. 
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TaBLy I1.—Table of molts and instars of Chrysopa californica at Tempe, Ariz. 


PART I, FEBRUARY, 1915. AVERAGE MEAN TEMPERATURE, 54° F. 

















































































































i |3 3 ia |¢ ¢ 13 13 | 
« |£/2 | € |2 18 £ /3 E 
= ~ < oS is , el & ;/ 3 
s SE 18 = (2. (2 ¢ |© [8 | REIS 
z » |“cleg| #2 |Seled| & |Salad] e8laz 
Gage No. 4 2 331 °R g oe) we oS |=) SS] Sa] hE 
= S ‘ih 3 $ onl] ue 9 on w 3 as ey 
a 3 a hh oe « | 3% s le ia i 
'y e | |€ 2 |b |e  . «18 le 6 / S815 
7 3 § 5 3 & | Rod z & 12 | 2 2 
= = fe |G a WIA ia) wm 14 a m 
| | | | | | 
| Days. Days. | Days |Days. 
ie Feb. 23 | Mar. 3 8 | 15 Mar. 10 7 10 | Mar. 17 7| 43 | 22 
SOE iis veetslaee do...<| Mat. 2 7 | 15 Mar. 9 1 OS ben MO as 8 59 89 | 22 
a See |...do.. ..| Mar. 3 8.| 17 M0665 6 ok Se 8 | 61 90 | 22 
WP sassistegs ee SA eee 8 | 27 Mar. 11 8 16. |... 0. 6 | 50 33 | 22 
ig ee Feb. 24] Mar. 4 8112 aR canece 7 16 | x = 6/47 | 75| 2 
WOMB vib scnsaliodoene ere er eee 8 26: Le Sedei 7 16 |...do. 6 | 3st "7 | 21 
Se) SSeS 1 GO. vot Mare Ss 9 | 12 Mar. 12 7 23 |...do. 5 | 39 74) 31 
ee | Feb. 25 |...do.... Bj) So  foetewsal 7 92 |e OO... 5 | 49 83 | 20 
Bo-s.....0.- dS SMa na activa ls chece OE an ee ee 7 19 | Mar. 18 6 | 74 104 | 21 
og, OO eee. aaa EE “ee 9126 ecOaree 7 5 | Mar 17 5 | 56 “ 20 
er Pee L OGD..« salioeawae 8 | 13 Mar. 11 6 25 |...do.. 6 | 62 100 | 20 
PR iene nas JR (eee OR ee 8] 14 Mar. 12 1 97 1.+.00.« 5 | 56 97 | 20 
$510 .66.cks iccOOins aclerubOuns4 8| 14 Mar. 11 6 28 |...do.. 6 | 63 10s | 20 
BO-1I.....4. |.-.do.... <A Dors <i 8 | 13 Mar. 12 7 20} ..do..... 5 | 56 89 | 20 
tees oe ee: Beet”: aera 8 | 15 Mar. 15 10 32 |!Mar. 19 |...... | 57 og ere 
imei ERS NES Ww sies sane | BEE ie ccdsuness 7| 20 | ieremcieater sis | 6 | 55% 88 | 205/7 
| | | 
PART II, OCTOBER, 1915. AVERAGE MEAN TEMPERATURE, yo° F. 
Oe Meee yey ee Oct. 19 | Oct. 23 4114 Oct. 26 3 21 | Oct. 30 4 lea 143 Ir 
a |---do.... oe 4]17 Oct. 27 4 33 | Nov. tr] 5 | 70 120 13 
5974. hs iA asn cick sO ws cae 4| 16 Oct. 26 3 28:1...80i..« 6 |109 143 13 
BR wicca |. ..do do F 4]15 eS 34 | Oct. 31 5 100 147 12 
a: do ae 4] 313 Oct. 27 4 BE livOercc| & fOR 143 12 
a |. ..do do ; 4] 13 oe ee 4 oe See 4 | 90 139 12 
ee }...do do : 4] 15 cont « 26 |...do.. a 4 | 93 134 12 
ee |...do do | 4] 16 Oct. 26 3 a 5 \114 | 160 12 
ROPES: wicin'vicherss MO. o6s}e0 0 4/14 Oct. 27 4 36 |...do 4 | 91 141 I2 
Fe ete Oe do do 4|14 ere 4 32 |...do 4 100 | 146 12 
een [ee do do Ste MG Oicct 39 |...do |_4 to7_| 158 12 
DONE iss cavicrktoovssnes ve ees eee. ERG Re Matissatcnens | 4% 08 143 | 12 
| | 
1 Died. 


From these records it is seen that a C. calijornica larva under natural 
conditions, eating both large and small aphids, must often consume 300 
or 400 of them during the course of its development. The economic 
value of these larve is thus seen to be enormous. It was found that an 
average of about 14 full-grown adults of Aphis maidis were consumed in 
the first instar, 4 to 7 aphids being eaten the first day after hatching. 
The duration of the first instar was found to vary with the temperature, 
it being from 4 to 9 days and the average period about 6 days in length. 
A great many more aphids are consumed during the second instar than 
in the first. This instar averages nearly a day shorter, being 7 days 
during March and 3% days during October, 20 being the average number 
of aphids eaten by each of 15 larve during the former period and 31 
during the latter. In actions and habits it is largely the same as the 
first instar except for the increased power of destroying aphids 
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The third-instar larve (fig. 4), while having a period of life averaging 
about the same in length as that of the second instar, make up for it in 
the number of aphids consumed. Fifteen larve in March each ate an 
average of 914 aphids a day or 5514 during the entire period; whereas 11 
larve each ate an average of nearly 
22 full-grown aphids a day or 98 for 
the third-instar period, this being 
nearly twice as many as are eaten 
during the first and second instars. 
In Table IV it will be noted that a 
third-instar larva of C. californica in 
cage 59-14 ate 4o full-grown Aphis mardis in one day of 24 hours. The 
average length of the third instar was 6 days in March and 4% days in 
October. 

Tables III and IV show the daily consumption of aphids by 26 larve 
during their entire larval period. 





Fic. 4.—Chrysopa californica: Third instar. 


TABLE III.—Daily feeding record of 15 larve of Chrysopa californica at Tempe, Ariz., in 
February, 19154 













































































February. March. 
Cage No. Date hatched. 
24 25 26 27 28 | I 2 | 3 | 4 5 6 
| | 
Cn, Se | BOB, a3 .c6. ee. snes 5 5 2 2 ° ° I} m2 3 3 ° 
MG ps cndsnestne ney A | 4 4 4 I 2 o}| mo 5 5 5 ° 
SES 6 cicpnlvevasbouude Cee 5 3 5 2 ° ° 2| m3 4 5 ° 
MP dovecnvecentcavas GOs ciscoses | 4 5 2 3 ° I 2| mo 3 5 2 
Ges vceveawan WK Ahsdescscuds Becca 2 4 2 2 ° ° 2| mt 3 5 
NPE errr Mine cnccuens RR | 2 2 3 I I ° r| mo 4 8 
WO cesixecpnvelvnnte eccaswetes ee | 4 3 ° 3 2 ° ° o| ms 5 
POR iccwocvenvies DU Msi scccusc Riicacateuteas 3 4 I 3 I ° o| m3 4 
| ae TEETER EEE CO eee Siucawibucvads 3 I 4 2 ° ° I}| mo 7 
| Se Medi cuca ee ee 2 2 2 3 ° I o| m4 3 
CS ER ARs eae | Sbeaes | TE: 3 2 3 4 ° I o| m4 8 
a ccénrccendeaced Me awe ccnceibeywcxte ee 4 3 I 4 I ° 1| m2 7 
ee Meer _ eee yawn Peace 4 3 I 4 2 ° o| ms 7 
|e) a REE (a Rs Re 4 2 ° 5 2 ° o| m4 6 
| Serre! Aare CEE arencilineaes 4 5 ° 3 3 ° o| m3 3 
| 
| | 7 
| March Aver- 
Dat | ae - a war al en 
‘ 7 ate | | | | | mean 
Cage No. hatched. | | | tem- 
| 7|8 9 10 I I 13 | 14| 13 | 16] 17 | 18] 19 | 20] pera- 
| | | ture. 
a a. | 
| | °F. 
WP i ceced Feb. 23 + 24 6 o| m3 7 oF Ot Wh TE Se Clvovstoncdaces 54 
ME, cciucneds + «8d err o}] oj} ms 10 10 1o/ro| 8] 4] 2] cl. ini 54 
WPSircvcccclecves We a saaie oOo} of} m3 9 10 to} 1o/10| 4] s| ¢ t" ees 54 
Re, ° ee gh 3 ° o} ms 10} 9] 8| 8] 10] c¢}. and 54 
a eee Feb. 24 6 I ° o| m3 OL ot ot OF OF €Glaa neu 54 
eS A Gis cies 3) 3 ° o}| m8 9) 320}16170) 4) ¢}.... ad 54 
WG cescccslacned eee 6} 6 ° ° 1} m4]|10|10] 8] 7] ¢}. wae 54 
| eg TTT: Feb. 25 s| 7 3 ° o}| m3] 10) 12] 10] 4] c}| ues S4 
avr cisunddevens eG o| 8 2 2 o| m6] 10/13] 15} 15] 15| ¢ met 54 
I Sees ee et .3 ° ° o| m8] 8] 12] 14] 14] Cc}. kai 54 
ay Re Se 7| 6 ° o| mo to} ro} 33/415 ]}14] c}. aa 84 
Tape eee ae 3 I o} m8| 9|12] 12} 15] cl. ae 54 
Pretec anes : | ae 8] 7 ° 1] mo 8] rol} is|rs|is}| cl}. “ai 54 
| eS Pere Os wus 2 7 I | ° o}| m6] 8] 12/15] 15 éL rr 54 
8o-12....... Pe 7/5 ° 4 8 2} of o|m8]| 12] 12| 12] 13] ©€ 54 
| 









































@ m, Date of molting; c, date of spinning cocoon. 
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TABLE IV.—Daily feeding record cf 11 larve of Chrysopa californica at Tempe, Ariz., in 
October, 1915 a 
































| | No- | * 
| | October. Vv em-! —_ 
‘ | Date |ber.| mean 
Cage No. | hatched. | ‘iets tem- 
| | | | | | pera- 
20 | 2m] 22 | 23 | 24 25 26 27 | 28 | 29 | 30 | 31 i a ture. 
2 a a a a ee | 
| 
| | | °F, 
BR. avivaresasieure Oct. 19...... 7 71 © m6| 15 olmz8} 20] 25 | 25 |} ¢20]....]..... 7° 
OT, SOC EE | eee | 7 7 3 m7| 14] 12 © jm 16} 23 | 28 3 ° c 7° 
ME caxvccavewneiorars ee 5| 7) 4\.m7| 11] ojmr7] 19] 22] 26] 25] © c 70 
ee Re ee Se 7) 7) ©|m7| 15 | 12 \mx0} 18] 25] 25] 22] C}]..... 7° 
BR rsnaunssancce awe eee 6] 7] 0 \m7| 14] 14 o |m20| 24| 23| 28] c|..... 70 
ce ree ae hice eee 6] s| a2im7| 14] 14 o|m1o| 25 | 25] 30] cl]..... 70 
NE ai Sa nvekw owteleal ee 7 6] 2)m6| 15 5 o|mig| 24] 26] 24] C]..... 7o 
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ag ETOP Pe ae 5 7) 2\m6| 15 | 1 o|m2o} 25] 25] 30] C|]..... 7° 
ee i, ERE oe ee 6] 6! 0 * 7) 15] 17 o|mi19| 23] 25| go] c|}..... 7° 
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@ m, Date of molting; c, date of spinning cocoon. 


Table III shows the record of 15 larve during the month of February 
and Table IV shows the record of 11 larve during the month of October. 
It wiil oe noted that both the daily and total consumption were much 
larger during the latter and warmer period than 
during the former and that the total feeding period 
was nearly half the length during this period. 
Only full-grown wingless specimens of A phis maidis 
were used in this experiment. 


MOLTING 


When the larva gets ready to molt, it settles 
down in some protected spot and rests for a period 
Fic. s.—Chrysopa californica: of several hours, often a day or more, and when the 

a opportune time seems to have arrived it begins a 
series of movements, mostly of a rising and falling nature, calculated to 
burst the skin on the back. When this is finally accomplished, it crawls 
out and, after a few minutes’ rest, is the same vora- 

ious creature it was before except only that its size is 
greater than in the preceding instar. 

During the first and second instars, after the larva 
has eaten its quota of aphids, it rests, often as long as 
two days; during the last instar, however, this rest 
period is not apparent, owing to the fact that it takes 
place within the cocoon previous to pupation. Fic. 6—Chrysopa cali- 

As shown by dissections of several cocoons, this 7” ?"?* 
resting period, during which the pupa is forming within the larval skin, 
is from 6 to 9 days in length. Later in the observations it was discov- 
ered that one could tell by external indications just when this change 
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takes place. 


The larval skin when shed by the pupa is circular in form 


and is pressed firmly against one end of the pupal case, appearing from 


without and through the wall of the cocoon 


(fig. 5) as a dark, almost black, disk. 


THE PUPA 


The pupa (fig. 6) is formed within a 
membranous case or cocoon (fig. 5, 7) 
which is nearly globular in shape, tough 
but pliable, and inclosed or surrounded by 
numerous white filaments which hold it in 


-s 


iD 
Mahe 








place on the leaf or in some protecting cav- Fic. 7—Chrysopa californica: Pupa freshly 


ity. The cases are often found singly, but 


emerged from its cocoon. 


when the infestation has been heavy, they may be in groups of a dozen 


or more. 


Mr. L. J. Hogg, an assistant, found as many as a dozen or more 


in a single curled ash leaf, the larve having fed on the elm-leaf cluster 


aphis. 


TABLE V.—Length of the pupal stage of Chrysopa californica at Tempe, 


Ariz., in 1915 
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The pupal stage in southern Arizona (see Table V) varied from 14 
days to 23 days in length, the average being 161% days for March and 


207 days for November. 
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As has been mentioned, the larva, after constructing the pupal case, 
which often requires a day’s time, may remain several days before 
pupating. The pupa when formed is curled up as shown in figure 6, 
with the abdomen closely folded between the large thick wing pads. 
When ready to change to an adult, the pupa emerges from the cocoon 
(see fig. 7) through a circular lid, and in from 14 hour to 2 hours the 
pupal skin is shed and the adult (fig. 1) comes forth. After afew minutes 
have been allowed for the expansion and drying of the wings, the lacewing 
fly is ready for flight. 


SEASONAL HISTORY AND HIBERNATION 


From the writer’s observations during the past’ year (1915) in the Salt 
River Valley of Arizona, there are at least six generations annually. 
The first covers the period from about February 15 to March 15, and 
the remaining generations follow one another every 40 to 45 days from 
then until late October, either the pupa or adults of the last generation 
going into hibernation at that time. Adults can be taken throughout 
the winter months, but eggs have never been secured until the advent 
of milder weather. Pup are often taken during any of the winter months 
in the Salt River Valley of Arizona, which has a mild winter climate. 


NATURAL ENEMIES OF THE LACEWING FLY 


It seems that in California (2) the species is commonly attacked by sev- 
eral species of parasites, but no record of any parasite has been obtained 
during the present study, although abundant material of this lacewing 
fly was examined. Robber flies have been noted to catch the adults, 
and certain Hemiptera prey upon the larve, but with these exceptions 
this lacewing fly seems to be quite free and unmolested.’ 

According to the records of the Biological Survey, United States 
Department of Agriculture, the Western wood pewee (Contopus rich- 
ardsonit) feeds upon the species at Pasadena, Cal.; and at East Bernard, 
Tex., the nighthawk (Chordetles virginianus) was found feeding upon 
the species, the stomachs of two birds containing three and six adults, 
respectively. 
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! Possibly this is due to the extremely offensive odor thrown off by the adults of all lacewing flies when 
alarmed. 
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RAPE AS MATERIAL FOR SILAGE 


By A. R. Lamps, Assistant Chemist, and Joun M. Evvarp, Assistant Chief in Animal 
Husbandry, Iowa Agricultural Experiment Station 


INTRODUCTION 


The popularity of rape (Brassica napus) as a pasture crop has been 
steadily increasing since its introduction into this country about 25 years 
ago. Its value as such is considerable, but its usefulness would be 
greatly increased if it could be preserved in the silo and used successfully 
as a succulent feed for the winter months. Attempts to ensile it have, 
however, evidently been few, perhaps since it has generally been con- 
sidered too watery for this purpose. The only report of such an attempt 
which has been found in the literature is from Canada.! 

In that experiment rape was cut when about 15 inches high and ensiled 
alone and with an equal weight of corn. When the silage was fed six 
months later, it was said to have been well preserved, to have had a 
pleasant odor, and to have been eaten with avidity by cattle. Chemical 
analyses showed a considerable loss of water and carbohydrates and an 
increase in nonprotein nitrogen. With the exception of the loss of water, 
these losses are not much greater than the losses which occur in ensiling 
the corn plant (Zea mays). In that experiment the total loss of dry 
matter was 26.5 per cent. Weight for weight, however, rape silage was 
found by analysis to be a much more valuable feeding material than 
green rape. 

In 1914, Evvard, at the Iowa Station,’ made rape silage in barrels, with 
and without the addition of common salt (sodium chlorid). The highly 
salted silage was quite well preserved and had a favorable odor, but was 
refused by stock. The unsalted silage contained mold and had under- 
gone some putrefactive fermentation, the odor of volatile sulphids being 
quite evident. The shape of the barrels and the consequent difficulty 
of excluding air on the settling of the ensiled material were responsible for 
this putrefaction. This emphasizes the importance of using suitable 
air-tight containers in making rape silage. 

The ideal plant for silage making must contain just sufficient fermen- 
table sugars to furnish enough acids to preserve it. In most respects the 
corn plant furnishes the most nearly ideal material for silage. The 
legumes are uot ensiled so successiully because the percentage of protein 
is too high for the amount of sugar, and some putrefaction is likely to 





1Schutt, F. T. Report of the chenrist. Fodders and feeding stuffs. Jn Canada Exp. Farms Rpts. 
1904, P. 166-182. 1905. 
2 Unpublished data. 
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occur. Rape contains a larger amount of sugars! and is therefore likely 
to develop a high acidity. Rape, in common with other Cruciferae, con- 
tains considerable amounts of organic sulphur compounds, which are 
likely to form disagreeable volatile products if the fermentation pro- 
gresses too far. For these reasons a mixture of rape and a legume 
should produce better silage than either alone. 


EXPERIMENTAL RAPE SILAGE 


The experimental silage was therefore made from rape alone and from 
mixtures of rape with various other materials, as outlined in Table I, 
with the purpose of determining the most satisfactory combination. 
The other plant materials used were alfalfa (Medicago sativa), red clover 
(Trifolium pratense), sweet clover (Melilotus alba), potato tubers (Solanum 
tuberosum), timothy (Phleum pratense), Sudan grass (Andropogon sorghum, 
aethiopicus), sorghum cane (Sorghum vulgare), and bluegrass (Poa pra- 
tensis). ‘The rape used was quite mature but still succulent. The rape 
leaves were cut off at the main stalk. The entire plant was cut 3 inches 
from the ground. The alfalfa was cut just before blooming. The corn, 
Sudan grass, and sorghum cane used were mature. The other plant 
materials were cut just before maturity. All the forage was cut by a 
silage cutter into half-inch lengths. The material was tightly packed 
into glass jars of about 1-gallon capacity, in the same manner as corn 
silage has repeatedly been made in this laboratory. The jars were closed 
with metal caps, which were not too tight to prevent the escape of excess 
gases. 





1 An average air-dry sample contains 5.60 per cent of total fermentable sugars calculated as dextrose. 
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The jars were opened four months after filling and the condition, 
appearance, odor, and taste of the silage noted. (See Table I.) With 
very few exceptions it was in a perfect state of preservation, of excellent 
texture and color, with a pleasant, somewhat aromatic odor, and gen- 
erally of an agreeable taste, though quite sour. It was succulent with- 
out being too moist, even though it had been made in a tightly sealed 
jar, with almost no opportunity for the evaporation of water. In order to 
ascertain its palatability to swine, a representative number of the various 
mixtures and some of the pure rape silage were fed to three lots of pigs. 
At first the animals, which were on a ration consisting mainly of corn 
and tankage, tasted the silage rather hesitatingly and seemed surprised 
by the sourness, but kept at it until they had eaten it all, appearing to 
enjoy its succulency. On a second trial, three days later, the same ani- 
mals ate it with great relish. Only one sample of those tried, a rape- 
molasses mixture, was refused by the animals. In nearly every case 
after eating this silage they went to the corn self-feeders. An extensive 
feeding experiment to determine the effect of feeding rape silage upon 
the growth and well-being of swine is contemplated. 


CHEMICAL EXAMINATION OF SILAGE SAMPLES 


The data from the chemical examination of the samples are shown in 
Table I. ‘The juice was pressed out from the silage, and samples were 
taken from the juice with pipettes. This method has been used with 
corn silage and is a quite accurate and excellent comparative method 
for quickly determining the character of a sample of silage. Estimations 
of the total acidity and moisture content were made on all samples, and 
estimations of volatile acidity, alcohol, and amino nitrogen on a few 
representative samples, according to the following methods. (See 
Table I.) 


Tora, acipIty.—Ten c. c. of juice were diluted to about 500 c. c. with carbon- 
dioxid-(CO,)-free water, and titrated with decinormal barium-hydroxid solution in 
the presence of phenolphthalein till a distinct pink appeared by reflected light against 
a white background. 

VOLATILE ACIDITY.—Fifty c. c. of juice were diluted to 100c. c. with carbon-dioxid-free 
water and distilled with a current of carbon-dioxid-free steam. To hasten the libera- 
tion of volatile acids and alcohols, 100 gm. of sodium chlorid were added to the juice. 
About 500 c. c. of distillate were titrated with baryta water in the presence of 
phenolphthalein. 

ALcoHoL.—Distillation method: The distillate from the volatile-acid determination 
was neutralized with baryta water (solid phenolphthalein being added) and concen- 
trated by repeated distillation with sodium chlorid.! 

About 50 c. c. of alcohol solution were oxidized ? in a pressure flask in a boiling 
water bath for 30 to 40 minutes, and the volatile acids then distilled off four or five 





1 Bacon, R. F. Detection and determination of small quantities of ethyl and methyl alcohol and of 
formic acid. U.S. Dept. Agr. Bur. Chem. Circ. 74,8 p. ror. 

2 The oxidizing solution used was made up in the following proportions: 10 gm. KsCr2O7, 20 gm. H2SO«, 
70 gm. water. 
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times, with additions of carbon-dioxid-free water. The total alcohols found were 
calculated as ethyl] alcohol. 

Aeration method: In this method a current of air was drawn through the alcohol 
solution, which was saturated with ammonium sulphate, into concentrated sulphuric 
acid. The sulphuric-acid solution was then oxidized with potassium-dichromate 
solution and distilled as before. 

AMINO NITROGEN.—The amino nitrogen was determined on the diluted juice with 
the Van Slyke apparatus.! 

MoistuRE.—The moisture content was determined by heating a sample of about 
100 gm, in an oven at 100° C, 


DISCUSSION 


The determinations of total acidity, volatile acidity, total alcohols, and 
amino nitrogen furnish a measure of the most characteristic changes which 
take place in silage fermentation and a partially complete picture of the 
character of the fermentation and the character of the silage, as nearly as 
chemical analysis can show. This, the ordinary estimations of crude pro- 
tein, fiber, ether extract,and ash failto do. The amount of amino nitrogen 
is, of course, of comparative value only, but it shows the degree of hydro- 
lysis of protein. Unfortunately in this case no figures are now available for 
the amino nitrogen of green rape. The results givenin Table I, however, 
indicate that the degree of hydrolysis of protein was nearly the same in 
each sample upon which this determination was made. The total acidity 
was quite similar in each of the samples which were classed ‘“A”’ and 
“B.” The total acidity of the silage juice in most cases is no higher than 
the average acidity of corn-silage juice. The average of analyses on 100 
c. c. of juice of several samples of normal corn silage is as follows: 


SUPA U ens ss rc tesaiuais. Ragas tack oaiateth lates rs 271 ¢. c. of N/zo solution. 
OREN DIA RE 5css on.ss doutnelicin Gre lanwtel atbmeoenacgrs gi c. c. of N/ro solution, 
Rn ci aile ca ¥c.ars mara alaeea alg le adie ee sae tu ohs Are o. 312 gm. 
PAGS GUPOCON 5 55 6 iscsi iearerindeacnins ©. Iog gm. 


The explanation of the very sour taste of rape silage may lie in the 
fact that it has a much higher water content than corn silage and thus 
affects the nerves of taste more quickly. A considerable amount of 
sulphates was found in one sample, but the presence of any free mineral 
acid could not be demonstrated. The volatile acidity seemed to vary 
more widely, with varying experimental conditions. The alcohol con- 
tent was probably small in all cases where there was no addition of 
sugar. In two cases of silage with added sugar or molasses Table I 
shows that an abnormally large amount of alcohol was found. This, 
as well as the increased acidity, militates against the addition of molasses 
to silage materials. It is very probable that the excess alcohol was 
formed after the maximum acidity had been reached and the yeasts had 
gained the ascendancy. 





1VanSlyke,D.D. The quantitative determination of aliphatic amino groups, II. Jn Jour. Biol. Chem., 
V. 12, NO. 2, p. 275-284, 1 fig., r pl., rtab. 912. 
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The classification of the samples as to general silage quality (A, B, C, 
etc.) is necessarily approximate. All the samples, however, could be 
classed as “‘good silage,’ except those rated below “‘D.”’ Those con- 
taining fibrous material, such as sorghum cane, Sudan grass, timothy, 
and corn plant, would be useful for cattle, but would not be as good 
feed for swine as pure rape silage, or the alfalfa, red clover, potato, or 
corn-grain mixtures. The silage made from the entire rape plant was 
quite similar to that made from the leaves. However, for swine too 
much fiber is objectionable. 

The mixtures of rape with legumes are perhaps best, from the stand- 
point of feeding as well as that of the quality of the silage. The rape im- 
proves the mixture, in that it supplies the necessary fermentable carbohy- 
drates, which apparently are deficient in amount in the legume. In this 
connection it may be noted that since legume silage is not entirely satisfac- 
tory, it may be greatly improved by adding 20 per cent or more of rape, 
which would supply the necessary sugars. On general considerations 
the indications are that this sort of silage should be useful for either 
cattle, sheep, or swine. Practical farmers have sowed rape in the corn- 
field at the time of the last cultivation, it later being ensiled with the 
corn. This mixed silage has been fed to cattle with apparently good 
results. 

SUMMARY 

(1) Rape was successfully ensiled in glass jars, alone and in mixtures 
with other materials. 

(2) Excepting one or two mixtures, this silage was palatable to swine. 

(3) Chemical examination of the samples showed the acidity and 
alcohol content to be comparable in most cases to that of corn silage. 

(4) A mixture of rape and a legume produces the best quality of silage. 








EFFECT OF AUTOLYSIS UPON MUSCLE CREATIN 


By RaipH HOAGLAND, Senior Biochemist, and C. N. McBrybDE, Senior 
Bacteriologist, Biochemic Division, Bureau of Animal Industry? 


INTRODUCTION 


The question as to the relation between muscle creatin and urinary crea- 
tinin is one which has been the subject of considerable investigation, par- 
ticularly during the past few years. The importance of this problem 
lies in the fact that it is now quite clearly established that the creatinin 
excreted in the urine with a creatin-creatinin-free diet, is an accurate 
measure of endogenous metabolism. In the mammalian family, creatin 
is found chiefly in the striated muscular tissue, and to a lesser extent in 
other tissues and in fluids. The anhydrid creatinin is present in very 
small quantities. Since the amount of creatinin excreted in the urine 
is an accurate measure of tissue metabolism and since creatin is a normal 
constituent of muscular tissue, and since also there is a close chemical rela- 
tionship between the two compounds, the natural supposition is that 
urinary creatinin is derived from muscle creatin. This may be said to 
be the generally accepted view, and it is supported by considerable 
experimental evidence; yet, on the other hand, certain investigators 
have obtained results which do not appear to support this theory. 

The question as to where creatinin is formed in the body is another 
problem concerning which there is considerable lack of agreement. 
In the light of our present knowledge on the subject it must be admit- 
ted that the method and the place of production of creatinin in the body 
have not been clearly established. 

In the course of a series of autolytic experiments with lean beef, car- 
ried on in connection with investigations concerning changes taking place 
in beef in cold storage, certain changes were noted in the creatin and crea- 
tinin content of the muscles which appear to throw some light on 
the question as to the source and method of production of creatinin. 
The results of these observations are offered as a contribution to our 
knowledge of the subject. 


PREVIOUS AUTOLYTIC EXPERIMENTS 


Gottlieb and Stangassinger (3)? carried on an extensive series of auto- 
kytic experiments with various organs, tissues, and fluids of dogs, cats, 
and calves, using toluol as an antiseptic. Asa result of their studies these 





1 The authors desire to extend their thanks to Mr. W. C. Powick for assistance rendered in connection 
with the analytical work reported im this paper. 
2 Reference is made by number to “ Literature cited,”’ p. 546. 
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authors came to the following conclusions: (1) Muscles and other tissues 
produce creatin in the early stages of autolysis; (2) natural and added 
creatin are changed in part to creatinin, owing to the action of dehy- 
drating ferments; (3) creatin and creatinin are in part destroyed as 
autolysis progresses, owing to the action of ferments which they name 
‘“‘kreatase” and “ kreatinase.”’ 

The work of these authors, so far as changes in free creatinin are con- 
cerned, is open to criticism on account of the method which they used for 
the determination of this constituent. The extracts were concentrated 
nearly to dryness on a steam bath, the solutions having been neutralized 
by the addition of barium carbonate. It is now recognized that such a 
method of concentrating a solution containing creatin will convert a part 
of that base into creatinin. For these reasons the work of Gottlieb and 
Stangassinger concerning the production of free creatinin during autolysis 
must be regarded as of doubtful value. 

Stangassinger (9) studied the action of autolyzing body tissues and 
fluids upon added creatin and the effect of various chemicals and con- 
ditions upon the rate and extent of the reaction. Blood, kidneys, livers, 
and lungs of dogs were used in the experiments. The so-called dehydrat- 
ing ferments kreatase and kreatinase were found to be most active in 
weak acid solutions, and toluol had the least retarding action of all the 
antiseptics used. Protoplasmic poisons checked the action of the fer- 
ments. Creatin was formed in the early stages of the autolysis of liver 
and blood, the material from well-fed animals containing larger amounts 
of creatin-forming material than that from hungry dogs. Liver extract 
destroyed added creatinin in appreciable quantities. 

This author’s findings concerning changes in free creatinin are open 
to the same criticisms as those made of the work of Gottlieb and 
Stangassinger (3). 

Mellanby (4) carried on autolytic experiments with various tissues, 
but was unable to confirm in any respect Gottlieb and Stangassinger’s 
findings (3) concerning the effect of autolysis of tissues upon creatin and 
creatinin. A careful examination of Mellanby’s article indicates that his 
conclusions should not be taken too seriously. For example, rabbit 
muscle was autolyzed, under strictly aseptic conditions, for five days at 
37° C., and at the end of that time no free creatinin could be detected. 
If it could not then be detected, it certainly could not be found in the 
author’s other experiments, in which autolysis was carried on under less 
favorable conditions. 

Rothmann (7) carried on a series of autolytic experiments in reply to 
Mellanby’s criticism (4) of Gottlieb and Stangassinger’s work (3). The 
work was conducted under strict bacteriological control and it was found 
that the liver, kidney, and blood of dogs destroyed appreciable quan- 
tities of creatin. He admits the correctness of Mellanby’s criticism of 
Gottlieb and Stangassinger’s method for the determination of free 
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creatinin, stating that in the operation creatin was probably changed in 
part to creatinin. However, using Mellanby’s method for the deter- 
mination of free creatinin, he found that liver and kidney extracts 
converted appreciable quantities of creatin into creatinin. 

Pekelharing and Van Hoogenhuyze (6) found fairly marked increases 
in the creatin content of muscles on the completion of rigor mortis and 
heat rigor. 

Rowe (8) carried on autolytic experiments with the parathyroids and 
adrenals of sheep and found that, in a marked degree, these tissues had 
the property of destroying added creatin. Thyroid extract destroyed 71 
per cent of the added creatin in 48 hours and adrenal extract destroyed 
69 per cent in 72 hours. 

Myers and Fine (5) studied the effect of autolysis upon the creatin and 
creatinin content of various tissues and fluids of vertebrate animals. 
Very marked increases were noted in the creatinin content of all the 
materials examined after autolysis. Human blood and rabbit liver 
showed marked gains in the total creatinin. In the case of dog muscle 
an appreciable decrease in total creatinin was noted. The authors are 
of the opinion that muscular tissue is the site of creatinin formation. 


THE PRESENT EXPERIMENTS 


Two series of autolytic experiments were carried on: One under 
aseptic conditions; the other with the use of antiseptics. It is generally 
recognized that the aseptic method is to be preferred, so far as the value 
of the results is concerned; but owing to the extreme care required in 
carrying on an autolytic experiment under aseptic conditions, the anti- 
septic method is commonly employed. In these investigations the 
antiseptic method was used simply as a check against the aseptic 
method, and for the purpose of comparison. 


ASEPTIC AUTOLYSIS EXPERIMENTS 


A prime steer was slaughtered at a local abattoir by the usual methods 
under the personal supervision of one of the authors. It was, of course, 
impossible to carry out the operation of skinning under strictly aseptic 
conditions, so the chief aim was to make this operation as cleanly as 
possible. The entire carcass was first wet down to prevent the dissemi- 
nation of dust particles. The carcass was kept suspended while it was 
being skinned and was not allowed to come into contact with the floor, 
which had also been washed to prevent dust from rising. In skinning 
the carcass, knives were used which had been dipped in boiling water, and 
they were again dipped from time to time in the boiling water. As soon 
as the skin was removed one of the hindquarters was wound with gauze 
which had been wrung out in a solution of mercuric chlorid (1:1,000); 
then it was separated from the body and completely enveloped in the 
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gauze. The hindquarter was next wrapped in dry cheesecloth and heavy 
paper and transported at once to the laboratory by motor truck, the trip 
requiring less than an hour. 


METHOD OF TAKING SAMPLES 


To obtain relatively large and aseptic samples of meat such as were 
used in these experiments is not an easy matter, and extreme care had to 
be taken to prevent bacterial contamination. After several failures 
samples free from bacteria were obtained in the following manner: At the 
laboratory the hindquarter was transferred at once to a special inocu- 
lating room about 10 feet square. The walls and floors of this room had 
been previously washed with the mercuric-chlorid solution. A special 
canopy ceiling consisting of cheesecloth tacked on a light frame had been 
placed in the room at the height of about 10 feet, and this was sprayed 
with a solution of liquor cresolis compositus just before taking the sam- 
ples. The floor and walls were also sprayed at the same time with the 
compound cresol solution and were damp while the samples were being 
taken, the idea being to have the floor, walls, and ceiling moist, so that 
any floating dust particles would stick to them. 

For taking the samples a number of large, heavy-bladed scalpels and 
long dissecting forceps were used; these had been sterilized and wrapped 
in cotton. Large plugs of meat, approximating 3-inch to 4-inch cubes, 
were cut from the muscular tissue, avoiding connective tissue and fat as 
much as possible. These plugs, weighing from 274 to 512 gm., the aver- 
age being 377 gm., were immediately transferred to sterile crystallizing 
dishes fitted with deep glass covers. In cutting out the plugs the line of 
incision was first thoroughly seared with a hot spatula. Then a light cut 
was made through the outside to the depth of about 0.5 cm. and the knife 
used for the incision was laid aside. A second sterile knife was then used 
for continuing the deeper incision. This was done in order not to carry 
in any of the mercuric-chlorid solution which might have adhered to the 
outside. ‘The outer or exposed portions of the meat samples were always 
trimmed away to the depth of at least half an inch in order to eliminate 
those portions which had come in contact with the bichlorid gauze. 
Thirty-three samples were taken in this manner. 

The dishes containing the samples were weighed, the covers sealed 
with adhesive tape, and over the tape were placed strips of tin foil. This 
was done for the double purpose of preventing evaporation and the 
possibility of bacterial contamination from the outside. 


BACTERIOLOGICAL CONTROL OF SAMPLES 


The dishes containing the meat samples were placed in the incubator 
and carefully watched from day to day for evidence of bacterial growth. 
Twenty-four of the thirty-three samples showed bacterial contamina- 
tion upon incubation—that is, visible bacterial growths developed on 
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the moist surface of the samples, which furnished a good culture medium 
for bacterial growth. These samples were, of course, rejected. The 
remaining samples showed no visible bacterial growths upon incubation 
and were removed from the incubator one at a time after intervals ranging 
from 7 to 100 days and subjected to a bacteriological examination. 

In examining the samples bacteriologically, aerobic and anaerobic 
cultures were first made from the exuded juice. With sterile instruments 
bits of muscular tissue were then cut from the outside of the samples 
and used for cultures. The samples, which, as before stated, consisted 
of large rectangular pieces approximating 3-inch cubes, were then cut 
in two with sterile instruments and cultures made by taking bits of the 
muscular tissue from the center of the samples. A half dozen or more 
cultures were taken from each sample. Smear preparations were also 
made from the exuded juice and from the outer and inner portions of 
the samples and were stained for bacteria. 

Upon bacteriological examination nine of the samples were passed as 
sterile, there being no growths in any of the cultures made from these 
samples and the smear preparations being negative. These samples 
were then subjected to chemical analysis (Table I). 

The fact that so large a proportion of the samples, 24 out of 33, or 
about 72 per cent, developed bacterial growths goes to show how difficult 
it is to obtain sterile samples of meat. 


METHODS OF CHEMICAL ANALYSIS 


After having taken the samples of muscular tissue for incubation the 
remainder of the quarter of beef was placed in cold storage at 33° F. for 
17 hours, when a composite sample of the lean meat was taken for 
analysis. Analytical work was started about 24 hours after the slaughter 
of the animal. 

All samples of meat, both fresh and after incubation, were finely 
ground, placed in glass jars, tightly sealed, and analytical work was 
started promptly. 

Moisture and fat determinations were made on all samples. Moisture 
was determined by drying the material in vacuo over sulphuric acid, and 
fat was determined in the dry residue by extraction with ether. 

PREPARATION OF EXTRACT.—A 0.9 per cent solution of sodium chlorid, 
saturated with thymol, was used asa solvent. One hundred gm. of the 
finely ground tissue were macerated in a mortar with the salt solution 
until a mixture of uniform consistency was obtained. The material 
was then transferred to a 2-liter volumetric flask, made to volume with 
the salt solution, and shaken at intervals during a total extraction period 
of 24 hours. The mixture was then filtered and analytical work begun 
immediately. Extractions were made in. duplicate and the work was 
carried on in a refrigerated room at a temperature of about 35° 
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Acipity was determined by titrating 50 c. c. of the filtered extract 
against standard sodium-hydroxid solution, using phenolphthalein as an 
indicator. The results are calculated in terms of lactic acid. 

‘TOTAL CREATININ was determined according to the method of Folin 
as modified by Emmett and Grindley (1, p. 515). .The results are 
calculated in terms of creatinin. 

FREE CREATININ was determined essentially according to the method of 
Folin (2). Standard creatinin solutions were made from creatinin which 
had been standardized against N/2 potassium bichromate. With close 
attention to all details this method was found to give very satisfactory 
results. 

Table I shows the changes in the creatin and creatinin content of lean 
beef autolyzed under aseptic conditions for periods ranging from 7 to 
100 days. 


TABLE I.—Changes in creatin and creatinin content of muscle during aseptic autolysis 
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Changes in total creatinin are fairly marked. Samples incubated for 
7, 14, and 21 days show increases in total creatinin amounting to 0.24, 
0.18, and 0.18 per cent, respectively. Samples incubated for longer 
periods, ranging from 28 to too days, show appreciable losses in total 
creatinin varying from 0.19 to 0.05 per cent. On the whole, these data 
show first an increase in total creatinin and later a decrease, the increases 
being somewhat larger than the decreases. 

The changes in the free creatinin are very marked. The fresh material 
contains 0.036 per cent of free creatinin, while the sample incubated 7 
days contains 0.422 per cent, an actual increase of 0.386 per cent, or a 
relative increase of 1,722 per cent. Samples incubated for 14, 21, 28, 
and 42 days show further increases in free creatinin, but the rate of 
increase is less rapid with each succeeding period. The maximum per- 
centage of free creatinin, amounting to 0.761 per cent, is found in case of 
the sample incubated 42 days. ‘This is an actual increase of 0.725 per 
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cent of creatinin as compared with the fresh material. Samples incubated 
for periods ranging from 64 to 100 days show slight and irregular decreases 
in free creatinin as compared with the sample incubated 42 days. 

The creatin content of the samples, which is calculated by subtracting 
the percentage of free creatinin from that of total creatinin, shows 
decreases which correspond to the increases in free creatinin. 

The relation between the free creatinin and total creatinin is of special 
interest. The fresh material contains 2.08 per cent of the total creatinin 
in the form of free creatinin, while in case of the sample incubated for 
7 days the percentage has increased to 21.42. The increases in suc- 
ceeding periods are less rapid, until a maximum increase is reached in 
case of the sample incubated 42 days, which contains 46.40 per cent of 
the total creatinin in the form of free creatinin. However, practically 
the maximum increase is reached in case of the sample incubated 28 days 
in which 46.38 per cent of the total creatinin is in the form of free 
creatinin. 

These results show that under the conditions of the experiment an 
equilibrium is established between the creatinin and creatin. These find- 
ings confirm in a remarkable degree results obtained by Myers and Fine 
(5) in their work with.pure solutions of creatin and of creatinin. They 
incubated solutions of the individual bases for a total period of 337 
days, and determined free and total creatinin in each of the solutions 
at intervals. In case of the solution of creatin, it was found that there 
was a gradual change of creatin into creatinin until at the end of the 
period an equilibrium had been established with 44.45 per cent of the 
total creatinin in the form of free creatinin. In case of the solution of 
creatinin the change was in the other direction, there being a decrease 
in creatinin and an increase in creatin, until at the end of 337 days an 
equilibrium had been established with the relative proportions of creatin 
and creatinin identical with those noted above. 

It is not to be inferred from these findings that the changes which 
took place in the creatin and creatinin content of muscular tissue during 
autolysis are entirely natural changes of one base into the other. In 
case of the autolytic experiments with muscle, practically the maximum 
change of creatin into creatinin had taken place at the end of 28 days, 
and nearly half of the total change had taken place in 7 days. 

In Myers and Fine’s experiments (5) with a solution of pure creatin 
only 9 per cent of the total creatinin was present in the form of free 
creatinin at the end of 13 days, and after 53 days only 29 per cent. In 
our autolytic experiments with muscle, on the other hand, 25.41 per 
cent of the total creatinin was in the form of free creatinin at the end of 
7 days, and 46.31 per cent at the end of 28 days. 

It is very evident that the rate of change of creatin into creatinin 
during the autolysis of beef muscle was greatly accelerated by some agent. 
The acids in the meat may have facilitated the change in some degree; 
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but the facts seem to indicate that in considerable part, at least, the 
change of creatin into creatinin during the autolysis of beef muscle was 
caused by enzym action. 


ANTISEPTIC AUTOLYSIS EXPERIMENTS 


Muscular tissue, consisting of the pillar of the diaphragm, was ob- 
tained from the carcass of a steer immediately after slaughter. The 
meat was freed from visible fat and connective tissue and finely ground. 
Thirty-five gm. of meat were weighed into a mortar with 20 gm. of sand, 
and 50 c. c. of a 0.9 per cent solution of sodium chlorid were added. The 
tissue was ground to a mass of uniform consistency and then transferred 
toa 250c. c. Erlenmyer flask with the aid of 100 c. c. of the salt solution, 
and the flask was stoppered with a rubber stopper. Sixteen samples 
were prepared in this manner. After all the samples had been prepared, 
2c. c. each of chloroform and toluol were added to each flask which 
was then thoroughly shaken. Fourteen of the flasks were then placed 
in an incubator where they were held at 37° C. for various periods of 
time. ‘The flasks were shaken daily to insure saturation of the solutions 
with the antiseptics. Two flasks were placed in a cold-storage room at 
a temperature of 34° F. and shaken at intervals for a period of 24 hours 
for the purpose of determining the creatin and creatinin in the fresh 


material. 
: BACTERIOLOGICAL CONTROL OF SAMPLES 


Before adding the antiseptics and before incubation, bacterial counts 
were made of three of the samples, Nos. 2, 8, and 17, which had been 
prepared as described above. In making the counts, 0.5 c. c. and 1 
c. ¢. portions of the samples were withdrawn with sterile pipettes and 
added to tubes of melted agar which were immediately poured into 
Petri dishes and incubated. ‘The bacterial counts on the three samples 
were as follows: 


ROR Bs chasis ac ncn ehawieinels 2,116 bacteria per cubic centimeter. 
MING S.cosskcceemsoubaeneeee ee 1,480 bacteria per cubic centimeter. 
AE ae 1,584 bacteria per cubic centimeter. 


The samples were prepared one at a time in the order in which they 
were numbered—that is, from 1 to 18—and the higher bacterial count 
in the case of sample 2 is probably due to the fact that this flask was 
the first one prepared and remained standing for several hours at room 
temperature, thus giving time for bacterial multiplication before the 
counts were made. The three counts were made in order to give some 
idea of the average number of bacteria in the samples before adding the 
antiseptics and before incubation. 

The samples were removed from the incubator for chemical analysis 
at the intervals given in Table II. In testing the samples bacteriologic- 
ally, two portions of 1 c.c. each were removed with sterile pipettes and 
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agar plates made therefrom. In withdrawing the portions for cultures 
the point of the pipette was introduced well below the surface of the 
liquid so as to avoid drawing up any of the toluol which floated on 
the surface. The chloroform, being heavy, settled to the bottom. 

In order to avoid carrying over any of the toluol on the pipettes, 
the ends of the pipettes were washed with sterile, distilled water before 
their contents were delivered into the agar tubes. A single colony was 
observed in one of the plates made on the fourth day and single colonies 
were observed in each of the plates made on the eighth day, but after 
this the plates remained sterile. 

The absence of bacterial development in the plates may have been 
due to inhibition of growth by small amounts of the antiseptics dis- 
solved in the meat infusion rather than to actual destruction of the 
organisms present. However, the results seem to afford ample evidence 
that there was no bacterial multiplication in the samples during the course 


of the experiment. 
CHEMICAL STUDIES 


Moisture was determined in the fresh material for the purpose of cor- 
recting for the volume of water in the meat. 

Creatin and creatinin were determined in the filtered extracts from 
the various samples according to the methods of Folin, as previously 
noted (2). 

Table II shows the changes in the creatin and creatinin content of 
muscular tissue from the ox incubated at 37° C. in the presence of 
antiseptics for periods ranging from 2 to 84 days. 


TABLE II.—Changes in creatin and creatinin content of beef muscle during antiseptic 
autolysis at 37° C 


[Expressed as percentages of fresh material.] 
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There are practically no changes in the total creatinin in contrast to 
the fairly marked changes in this constituent noted in case of the aseptic 
autolytic experiment. This fact does not indicate that the changes in 
total creatinin content observed in case of the aseptic autolytic experi- 
ment are in error, but rather that the antiseptics used in the second 
experiment probably prevented the change. 

There is a marked increase in free creatinin during the course of the 
experiment, the increase taking place most rapidly in the early stages 
of the incubation period, and less rapidly toward the end of the experi- 
ment, until finally there was practically no change. 

On account of the different bases of calculation, these data can not be 
compared directly with similar data obtained in case of the aseptic auto- 
lytic experiment. However, the general trend of the change in free 
creatinin is the same in each experiment. In the first experiment a 
maximum production of free creatinin was reached in 42 days, in the 
second experiment in 84 days. 

Creatin shows decreases corresponding to the increases in creatinin. 
The data showing changes in the relation of free creatinin to total 
creatinin indicate most clearly the changes in these constituents during 
the course of the experiment. The transformation of creatin into 
creatinin takes place most rapidly during the first 24 hours, and the rate 
of change steadily decreases during the course of the experiment, until 
at the end of 77 days a maximum change is reached, the free creatinin 
then constituting 39.70 per cent of the total creatinin. It is possible 
that if the experiment had been continued for a much longer time a 
larger proportion of creatin would have been converted into creatinin. 
These data confirm the changes of creatin to creatinin observed in the case 
of the aseptic autolytic experiment, and also the fact that the total 
extent of the change is limited. In the first experiment a maximum 
change of 46.40 per cent of total creatin, calculated as creatinin, to 
creatinin was observed, while in the second experiment the total change 
amounted to 39.70 per cent. 

The results obtained in the antiseptic autolytic experiment confirm 
those obtained in the experiment conducted under aseptic conditions, 
both as regards change of creatin into creatinin, and in that the total 
extent of the reaction is limited, but do not confirm those showing first 
an increase and later a decrease in total creatinin. 


DISCUSSION OF RESULTS 


The results of the experiments reported in this paper show very clearly 
the transformation of muscle creatin into creatinin during autolysis. 
To a very considerable degree this transformation must be regarded as 
due to the action of enzyms. 

These findings are substantiated by the work of Gottlieb and Stangas- 
singer (3), Stangassinger (9), Rothmann (7), Rowe (8), and Myers and 
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Fine (5). Mellanby (4) obtained contrary results; but, as has already 
been noted, a careful examination of his paper indicates something 
wrong with his work, since he was unable to detect creatinin under con 
ditions in which it was undoubtedly present. His findings should not 
be taken too seriously. The ability of autolyzing muscular tissue, as well 
as of other body tissues, to transform creatin into creatinin seems to be 
quite clearly established. 

In the aseptic autolytic experiment there was first an increase in 
total creatinin and later a decrease as compared with the amount present 
in the fresh material, while in the experiment carried on under antiseptic 
conditions there was practically no change. As has been previously 
noted, it does not follow that the results of the first experiment are in 
error, but it is possible that in the second experiment the presence of 
antiseptics prevented these changes in creatin. 

A brief examination of the work of previous investigators on this 
point may throw some light on the question. Gottlieb and Stangas- 
singer (3) observed at first an increase and later a decrease in the total 
creatinin content of muscular and other body tissues and fluids on 
autolysis. Stangassinger (9) found an increase in the total creatinin 
content of blood and liver of dogs and later a decrease in the total 
creatinin content of the liver. Rothmann (7) found that extracts of the 
liver and kidney of dogs destroyed added creatinin in a marked degree, 
and that there was a marked increase in the creatin content of the portal 
blood of a dog. Rowe (8) observed that extracts from the parathyroid 
and adrenal glands of sheep destroyed added creatin. Pekelharing and 
van Hoogenhuyze (6) found an increase in the creatin content of the 
muscles of dogs after rigor mortis and heat rigor. Myers and Fine (5) 
found an increase in the total creatinin content of autolyzing human 
blood and rabbit liver, and a decrease in the total creatinin content of 
dog muscle. On the whole, the work of these investigators confirms our 
findings concerning changes in the total creatinin content of beef muscle 
during aseptic autolysis. 

In keeping with the results obtained by Pekelharing and van Hoogen- 
huyze (6) concerning the effects of rigor mortis upon the creatin content 
of muscular tissue, it seems very probable that the increase in the total 

reatinin content of the muscle in our aseptic autolytic experiment was 
due to the changes accompanying rigor mortis. While analytical work 
was started 24 hours after the slaughter of the animal, at which time rigor 
was ‘assumed to be complete, yet in a study of the effects of autolysis 
upon the soluble muscle proteins changes were observed which indicated 
that it was not complete at that time. 

The’establishment of an equilibrium between creatin and creatinin in 
solutions of the individual bases, as observed by Myers and Fine (5), 
and our finding as to the establishment of a similar relation between 
creatin and creatinin in autolyzing muscular tissue, is a matter of more 
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than passing importance. It denotes, first, that creatin is readily con- 
verted into creatinin in pure solution, and, second, that in autolyzing 
muscular tissue the rate of reaction is very greatly accelerated, but that 
the total extent of the change is the same in either case. The more rapid 
change of creatin into creatinin in the autolyzing tissue may safely be 
assumed to be due, in large part, at least, to enzym action. This con- 
forms to our idea as to the catalytic nature of enzyms. The gradually 
reduced rate of change of creatin to creatinin during autolysis is in con- 
formity with the law of mass action. These observations are of more 
interest as regards the chemical relationship of the two substances than 
on account of their physiological relationship, since in the animal body 
any change of creatin to creatinin is accompanied with the rapid removal 
of the creatinin, so that, so far as this factor is concerned, the change 
always takes place at its maximum velocity. The clear establishment 
of the fact that muscular tissue has the power in a marked degree of con- 
verting creatin into creatinin must be regarded as having an important 
bearing upon the formation of creatinin in the body. Without going 
into a discussion of other investigations bearing upon this subject, it may 
be said that there is much evidence in support of the theory that muscle 
creatin is the source of urinary creatinin, with a creatin-creatinin-free 
diet, and considerable evidence to the effect that in part, at least, the 
transformation of creatin into creatinin takes place in the muscular 
tissue. 
SUMMARY 


The results of the investigations reported in this paper concerning the 
effects of autolysis upon the creatin and creatinin content of muscular 
tissue of the ox may be summarized as follows: 

(1) Muscular tissue has in a marked degree the property of converting 
creatin into creatinin. 


(2) In the course of autolysis an equilibrium is finally established 
between creatin and creatinin. 


(3) Muscular tissue appears to have in an appreciable degree the 
ability both to produce and to destroy creatinin. 
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